The abilities of operating and maintaining optical instruments are crucial in modern society. Besides the basic knowledge in optics, our optics courses also focus on the training on handling typical optical equipment. As the link between classroom courses on applied optics and the field trips, the integrated design course of applied optics aims to give the students a better understanding on several instantly used optical equipment, such as hand-held telescope and periscope, etc. The basic concepts of optical system design are also emphasized as well. The course is arranged rightly after the classroom course of applied optics and composed of experimental and design tasks. The experimental tasks include the measurements of aberrations and major parameters of a primitive telescope, while in the design parts, the students are asked to design a Keplerian telescope. The whole course gives a deepened understandings on the concepts, assembling, and operating of telescopes. The students are also encouraged to extend their interests on other typical optical instruments.
INTRODUCTION
After the invention of astronomical telescope by Galileo Galilei and microscope by Antony van Leeuwenhoek, optical instruments had become powerful and essential tools in scientific research, industry, social lives and military. The science and technologies on optical instruments have been well developed within the past several hundred years. Nowadays, the abilities of designing, operating and maintaining optical instruments are crucial in related aspects. The education systems on this field are well established around the world, and a number of outstanding text books in multiple languages are available [1] [2] [3] . In China, the courses related on the basic knowledge of optical instruments are usually called applied optics. The course series is usually consist of fundamental concepts, design skill practices and operating trainings. A number of universities have paid more attentions on the improvements of design skills in order to meet the requirements of scientific researches and industry. However, in some fields, the abilities of operating and maintaining typical optical instruments are of much more importance.
Besides the basic knowledge of optical instruments, the course series of applied optics in the National University of Defense Technology is mainly aimed for improving the abilities of operating and maintaining typical optical instruments of undergraduates. The integrated design course of applied optics is one of the important parts of the whole series. It is the link between classroom studies and field trip courses. The purposes of this course are giving the students a better understanding on several instantly used optical equipment, as well as the emphasizing of important concepts. The whole *E-mail: xiang_ai_cheng@126.com course contains both experimental and design parts, which will be described in detail below. This article is prepared as the following structure: in section 2 a brief introduction about the relative courses is presented. In section 3 and 4 we will introduce the main tasks in experimental and design parts, respectively. A brief conclusion is given in section 5.
RELATED COURSES
The course series is mainly for undergraduate students. The basic course is optics, which gives basic description of wave optics and ray optics. The concepts of paraxial approximation, interference and diffraction are introduced in this course. Generally, the content of this course has no much differences with that in other universities.
After the students have finished the course of optics, they are asked to attend the course of applied optics, which is the major course of this series. The concepts in coaxial spherical systems are emphasized in order to give a fundamental picture about surfaces, lens, and optical systems. The human eyes, telescopes and microscopes are discussed as the examples of coaxial spherical systems. After that, prisms are introduced, and the periscope is discussed as an example. The theory of aberration is briefly talked as the last component of basic knowledge part, while the colorimetry and photometry are introduced in individual graduate courses. After the basic knowledge part is finishing, the students are asked to organize several theme talks including astronomical telescope, microscope, 3D camera, projector, optical fiber and infrared systems. During the preparation of these theme talks, the students will learn various optical instruments. With the help of the basic knowledge, the students will get a basic idea on designing, operation and maintaining optical instruments.
The integrated design course of applied optics is rightly after the course of applied optics. The course lasts for 2 weeks (ten days). The whole time is divided into two parts as follows: In the first day, we review the geometry optics and basic aberration theory. In the last 9 days, the students are divided into two groups to finishing experimental and design tasks alternatively. The students will get deepened understanding about the structure of typical optical instruments.
After that, the students are organized to have a field trip, in which they will get in touch with several typical optical equipment, and learn to operate and assemble the equipment.
There are also some related courses for graduate students. One as an example is the fiber optics. The students will the concepts and measurements about the optical fibers, especially their usage in communication and laser.
EXPERIMENTAL TASKS
The experiment part contains three tasks: the observing and measuring of monochromatic aberrations, the observing of simple periscopes and the assembling and measuring of telescopes, which refer to basic theory, structure of optical instruments and assembling of optical instruments, respectively.
The observing and measuring of monochromatic aberrations
The task contains the following contents:
(1) Observe monochromatic aberrations.
The students are allowed to use following elements: one collimator with a point source or cross-shaped source on its focus, several sample lens, one CCD camera and other mechanical elements. The sample lens are designed to have particularly large spherical, comatic, astigmatic aberrations and field curve, respectively. The students are asked to observe and record the typical spots of monochromatic aberrations (include spherical, comatic and astigmatic aberrations) near lens' focus points. They are also encouraged to find out how to observe field curve. The main aim of this experiment is let students get a direct impression of different aberrations. When they encounter similar aberrations in the future, they are expected to recognize the type of aberrations and find out way to correct them.
An example of the student work is in Fig.1 , which are identical with typical results. The field curve is observed though the different clarities between center and side lines in Fig. 1(c) . (2) Observe and measure aberrations with shadow method.
The students are allowed to use following elements: One parallel light source, lens with large spherical aberrations and coma, respectively, graduated screen, and a stop with tunable blade. The stop is placed near the back focus of lens. The students are asked to observe the spot shapes after the stop, and measure the influences of stop positions on the spot shapes. This experiment is a practice on the measuring of aberrations.
An example of the student work is in Fig.2 . Fig.2(a) is the spot shapes for spherical aberration lens while the stop is at different positions, and Fig.2(b) is the corresponding spherical aberration curve. Fig.2(c) is the spot shapes for coma lens. 
The observing of simple periscopes
A simple periscope with its light path shown in Fig.3 is presented to students.
The students are asked to analyze the contribution of every lens and prism and figure out the chirality of images after each element. The students are encouraged to make some measurements of distant objects with this periscope. This is a task without much handwork. The main aim is to make students get familiar with typical periscopes and have better understanding on the effects of prisms and the chirality of images.
The assembling and measuring of telescopes
The students are provided with the following elements: one collimator with multiple line source on its focus plane (The line space of source and the focal length is known), one objective and eyepiece with unknown focal length, one objective with known focal length, one graduated eyepiece with known γ, one screen, one stop and other mechanical elements. The students are asked to properly assemble a telescope with objective and eyepiece with unknown focal length, and then measure the angular magnification of the telescope.
The main aim of this experiment is let students know how to assemble simple telescopes, how to measure the telescopes, and the effect of stop.
Two different setups are found in student work, whose light paths are shown in Fig.4 . In both setups OBJ 2 is placed right in the exit pupil of the assembled telescope. At Fig.4 (a) , the image through OBJ 2 is observed and measure with a graduated eyepiece, while in Fig.4 ( 
DESIGN TASKS
The design tasks are focused on the telescopes. The students are asked to design optical systems for an 8X Keplerian telescope with Zemax. The detailed requirements are as follows:
Design Task: Optical System of Keplerian Telescope (1) The angular magnification is fixed to 8X. This design task is fairly simple. It is worth to mention that the task is not aiming for the training of "design skills", but rather the deepened understandings on assembling typical optical instruments and the concepts of aberration and MTF.
An example of the student work is in Fig.6 . The objective is consist with a doublet and two singlet, and the eyepiece is of Alf type. A paraxial lens with a focal length of 16.67mm is placed in the exit pupil to analyze the MTF. Since the telescope uses rather large number of lens, the MTF is fairly good, which is shown in Fig.6 (b) .
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CONCLUSION
The integrated design course of applied optics in national university of defense technology is aimed at training the abilities of assembling, operating and maintaining typical optical instruments. The whole course is divided into experimental and design parts. Both parts gives students deepened understandings on the concepts and improving their operating abilities. In the past 4 years, the course has made significant positive effects on undergraduate students.
